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HARQ DEVICE AND METHOD 



BACKGROUND OF THE INVENTION 

5 

1 , Field of the Invention 

The present invention relates generally to a data transmitting device and 
me&od, and in particular, to a device and method for retransm s ; lata feat lias 
errors during transmission. 

10 

2 De ipj pi | x elated Art 

For forward packet data transmission in a mobile communication system, 
a mobile station is assigned a forward dedicated channel (DCH) from a base 
station. Mobile communication systems as mentioned below cover satellite 
15 systems, ISDN, digital cellular systems, W-CDMA, UMTS, and IMT-2000. 

3 receip ic forward p - N , is mob ii t < — s sth.e 
the reception is successful, and if it is, the mobile station transmits the packet 
• •> .'.her layer. On the other hand, if errors are detected from the packet 
data, the mobile station requests its retransmission by HARQ (Hybrid Automatic 
20 Repeat Request). The HARQ is a retransmission scheme using both FEC 
(Forward Error Correction) and ARQ (Automatic Repeat Request) for req&esthig 
retransmission of an error-detected data packet. It increases transmission 
throughput and improves system performance by channel coding for error 
correction. The mam channel coding methods are convoMonal coding and turbo 
25 coding. 

Meanwhile, an HARQ system uses soft combining to increase 
. e two types of soft combining: packet diversity combining 
and packet code combining. These are also referred to as soft packet combining. 
30 Despite being sub-optimal in terms of performance relative to packet code 
eomb^ _ -' ^if f it, s widely used when performance loss is 

low due to its simple implementation. 

i. es the packet code ; g scheme to 
35 improve transmission throughput A transmitter transmits a code with a different 
data .rate at each packet transmissiom If m error m detected from the received 
packet a receiver requests a retransmission and perfoi i 

- ?.t p -ve A and a rett c^ei Tht retrans aided p 2 na 



pct min 



have a different code from that of fee previous packet The packet code 
combining scheme is a p - - g received N packets with a code rats 

R to a code with an effective code rate of S/M prior to decoding, to thereby 
obtain a coding gain, 

5 

With regard to the packet diversity combining scheme* on the other hand, 
the transmitter transmits a code with the same code rate R at each packet 
transmission, if an error is detected from the received packet, the receiver 
requests a retransmission and performs soft combining between the packet and 

10 the retrans r ■■ it i c acket. The retransmitted packet has an identical code to thai of 
the previous packet. In this sense, the packet diversity combining scheme can be 
considered symbol averaging on a random channel. The packet diversity 
comhining scheme reduces noise power by averaging the soft outputs of input 
symbols ana achieves such a diversity gain as offered by a muitipath channel 

15 because the same code is repeatedly transmitted on a fading channel. However, 
the packet diversity combining scheme does not provide such an additional 
coding gain, as obtained according to a code structure in the packet code 
combining scheme. 

20 Bac to implementation simplicity, most packet communication systems 

have used the packet diversity combining scheme, winch is under study for 
application to the synchronous IS-2000 system and the asynchronous UMTS 
system. The reason is that the existing packet communication systems have used 
convolutions! codes and even packet code combining does not offer a great gain 

25 when convolution! codes with a low data rate are used. If a system with R=I/3 
supports retransmission, there is not a wide difference in performance between 
packet code combining and packet -diversity combining. Thus, the packet 
diversity combining scheme is selected considering implementation complexity. 
However, use of turbo codes as FEC codes requires a different packet combining 

30 mechanism because the turbo codes are designed as error correction codes to 
have performance very close to the "Shannon Channel Capacity Limit" and their 
performance varies obviously with the coding rates unlike convolntional codes. 
Therefore, it can be concluded that packet code combining scheme is feasible for 
a packet communication system using tebo codes in a retransmission scheme to 

35 achieve tile goal of optimum pexformanee. 
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It is, therefore, an object of &e f 
method for | 

s to an HARQ scheme in a r 



I invention : provide a device and 
I code combining and applying fee 
&g mrbo codes. 



It is a former object of the present invention to provide a device and 
method for performing diversity combining and code combining selectively on 
retransmitted sub-codes in a mobile c 



It is still another object of ti 
method for performing code c 



t invention to provide a device and 



The foregoing and other objects can be achieved by providing a device 
and method for retransmitting error-detected data in a mobile cemmxsakatien 

20 system, A transmitter generates S sub-codes Q (i 0, i, % t S-I) te a 

physical layer packet (PUP) information stream usi 
codes, initially transmits the Srst sub-code C 0i and then s 
following sub-codes each time a retransmission request is received for the initial 

2 5 * :< si for the last sub-code C s _, , the transmitter transmits the first sub-code 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above arc * >j« cts, ft ar -es and - ges of t r ^ 
will become 

aken in conjunction with the accompanying drawings in which: 
FIG. 1 is a graph showing me performance difference between packet 
I and packet diversity combining in a packet data system using 



of a sub-cede 



» 2 is a Mock 
to an embodiment of the 
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FIG. 3 illustrates an embodiment of packet transmission by HARQ 
acco hag to il eprese 3 sntion; 

FIG. 4 illustrates anot \-?nent of packet transmission by HARQ 

according io the present invention; 
5 FIG. 5 illustrates slot processing by HARQ m the case of a physical layer 

packet (PL?) occupying one slot in connection with FIG. 3; 

FIG. 6 illustrates slot processing by HARQ in the case of a FLP 
occupying two slots in connection with FIG. 4; 

FIG. 7 is a flowchart illustrating a method of generating the first sub- 
10 code in fee sub-code set of quasi-complementary turbo codes (QCTCs) according 
to m embodiment of the present invention; 

FIG. 8 is a flowchart illustrating a method of generating middle sub- 
codes in the sub-code set of the QCTCs according to the embodiment of the 
present ■invention; 

1 5 FIG, 9 is a flowchart illustrating a method of generating the last sub-code 

in the sub-code set of the QCTCs according to the. embodiment of the present 
invention; 

FIG. 10 is a flowchart illustrating a data transmission procedure by 
HARQ according to the embodiment of the present invention; 
20 FIG. 1 .1 is a flowchart illustrating a data reception procedure by HARQ 

according to the embodiment of the present invention; and 

FIG. 12 is a flowchart illustrating a control operation fox code combining 
shown in FIG. 11- 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described 
hereinbelow with reference to the accompanying drawings. In the following 
description, well-known functions or constructions are not described in detail 
30 since they would obscure the invention in unnecessary detail 

1 . Pa cket C ode Combining 

The present invention proposes a method of generating sub-codes for 
optimal packet combining in a retransmission system using turbo codes and a 
35 system that selectively employs a packet code combining scheme and a packet 
diversity combining scheme according to the data rates. The advantages and 
performance gain of the proposed system and an tv « el To operating 
the system will be described. 
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First, there will be given a description of the operation of the system that 
selectively uses the packet code combining scheme and the packet diversity 
scheme comb -ehg to the data rates. 

5 

In a system using 11=4/5 turbo codes, for example, packet code 
combining applies until the overall code rate of codes produced by solt- 
el ets reaches 1/5. For the subsequent retransmitted 
packets, packet diversity combining and then packet code combining are 

10 performed. If the first packet is transmitted at a data rate of 1/3, the requited 
redundancy symbols are provided at a retransmission request to make the overall 
code rate 1/5. Thus, when a receiver receives both packets, the overall code rate 
becomes 1/5. Each of the following packets is repeated prior to transmission and 
the receiver performs packet diversity combining and then packet code 

15 combining on the retransmitted packets at the data rate 1/5. 

It Is generally known that there is not a wide performance difference 
between the packet diversity combining scheme and the packet code combining 
scheme for convolution&l codes with a low data rate. However, there is an 
20 obvious difference between them for turbo codes, unlike convolutional codes. 
The packet, code combining scheme offers a greater performance gain for the 
turbo codes than the packet diversity combining scheme. In view of the above- 
described nature of the turbo codes, HARQ Type Mil using turbo codes can 
improve throughput markedly. 

25 

FIG. 1 is a graph showing the performance d snee between packet 
code combining and packet diversity combining in the case of turbo codes. As 
shown in FIG. 1, a turbo code with a low data rate of 1/6 exhibits a greater 
performance gain than a turbo code with a high code rate of 1/3 with the same 
30 symbol energy Es and obtains a performance gain of 3dB from packet code 
kg. Consequer eration of R=I/3 turbo codes by packet code 

nbinmg 1R ( - d ices a gam -,y Imbc codes wit ; 

lower than 1/3 exhibits and a gain that code combining of different codes offers, 
contemporaneously. 

35 

More specifically, for the same code symbol energy Es and the same 
I v - codes provide perfoan-ancs close tc - v - i 

Capacity Limit" according to the code rates only if iteration decoding is fully 
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implemented, un n olutional codes. It is known that a turbo code with a 
low code rate offers a greater performance gain than a turbo code wife a high 
code rate with the same cods symbol energy Hs. For example, when R=I/3 is 
reduced to R=l/6 5 the performance difference can be estimated by analyzing a 
5 change in the "Shannon Channel Capacity Limit". The reason for assuming the 
same symbol energy irrespective of R=l/3 or 1/6 for the curves of FIG. 1 is that 
me same symbol energy Es is used for each retransmission in an HARQ system, 
as compared to a conventional analysis of the performance of turbo codes by 
checking the decrease of symbol energy caused by reduced code rates. 

10 

If an Rr4/2 code is repeated once and the two codes are packet-diversity- 
combined on an AWGN (Additive White Gaussian Noise) channel, a maxhnirm 
gain of 3dB is obtained in terms of a symbol energy-to-noise ratio (Es/No), The 
same is the case with an R-l/6 code. Thus, a performance curve for the R-l/3 

15 turbo code shifts to the left in parallel by a +3dB scale due to a packet diversity 
combining gain and a performance curve for the R- 2/6 turbo code also shifts to 
the left in parallel by a -BdB scale when the same symbol energy is given. Here, 
the performance curves are derived with respect to the energy-to-noise ratio 
(Eb/No) which is measured to compare code performances according to the code 

20 rates. As a consequence, the difference between the turbo code performance 
curves is equivalent to the performance difference between packet diversity 
combining and packet code combining. The performance difference according to 
the code rates can be estimated from the "Shannon Channel Capacity Limit" and 
a minimum performance difference can be obtained using a minimum required 

25 signal-to-noise ratio (SNR). 

2. Mininrnm Re cn * ,>o Rates 

In a system using turbo codes with a code rate R and a very large 
encoder block size 1, a minimum Eb/No required to provide an error-free 
30 cham el 'essed as 

FMNo ) (4 s -l}/2i? 

,....(!} 

According to the above equation, the minimum required Eb/No in 
35 AWGN at each code rate for tbe turbo codes is listed in Tabic I below. In Table I , 
b/No indicates tired 1 b/No for a hit error rate (BER) below 
0.00001 when the encoding block size L of the turbo codes is 1024, 
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(Tafale 1) 



Code rates 


ivequmso. iso/xso {<Xo} 


Typical Eb/No (dB) for 






BER-I0** 


3/4 


0 86 


3310 


2/3 


0.57 


2 625 


. .: 


0.00 


1.6S2 


5 8 


-0.414 


L202 


1/3 


-0,55 


0.975 


1/4 


-0,82 


0.756 


1/5 


-0,975 


0.626 


! <. 


-1.084 




0 


-1.62 


m 



As shown in Table 1, required Eb/No are 0.86, 0.57, 0,0, -0.414, -0.55, 
-0.82, -0,975, and -1 .084dB -respectively, for the code rates of 3/4, 2/3, 1/2, 3/8, 
5 1/3, 1/4, 1/5, and 1/6. An at least 0.53dB performance difference exists bet*, een 
an R= 1/3 code using system and as R«l/6 code using system. This is a misimum 
performance difference based on the '^Shannon Channel Capacity Liraif . 
CohsMering implementation of a real decoder and system environment, the 
difference becomes wider. From a simulation, an. approximately Ll2dB 
10 performance difference was observed between a system using packet code 
combining for R-2/3 codes and a system using packet diversity combining for 
the R-2/3 codes. 

Table 2 shows the performance difference between packet code 
15 combining and packet diversity combining after one retransmission in a system 
with a sub-code code rate of 2/3. As shown in Table 2, a mminrum performance 
difference is L12d8 and the packet code combining scheme produces a higher 
t e >< -using system. 

20 (Table 2) 



Items 


Packet combining 


Cod« eombm;m; 


Mother code rate R w 


1/3 

(X, TO, Y'O) in FIG. 1 


1/3 

PCYO^Olin FIG, 1 


Block size (L) 


496 


496 


Maximum number of 
iterations 


8 


8 
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2 


2 


Actual Tx code rats Re 
for each transmission 


2>3 (by pmetusisg) 
See section 2 


2/3 (by puncturing) 
See section 3 


Redundancy selection 


Identical pattern for all j Different pattern for all 
v 'i si on 1 a dons 


Soft combining 


Packet <Sve*sity 
combining 


Packet code combining 


Gam through 
retransmissions 


Symbol repetition gain 


Coding gam lor low rate 
codes 


Miaimum required 
Bfa/No in Table 3 


+0.5? (dB) 


R-2/3 +0.57 (dB) 
R-2/6 -0.55 (dB) 


Required Eb/No at 2nd 
retransmissions 


+0.57-3.0 (dB) 


-0.55-3 .0 (dB) 


Relative performance 
gain 


0 


1.12 (-0.57+0.55) dB 


Simula? ir la vt ga ; 
(@BER~ HT 5 ) 


0 


2.5 (dB) 



As described above s the packet code combining scheme shows excellent 
performance m the turbo code-using retransmission system. Therefore, the 
present invention provides a sub-code generating method tor optimal packet code 
5 combining in a turbo code-using retransmission system. Generation of sub-codes 
for packet code combining according to a predetermined ride produces the 
ted code combining gain and maximizes the performance of a 
system requesting sub-codes of the same size for each retransmission. 

10 FIG, 2 is a block diagram of a sub-code generating apparatus using turbo 

codes according to an embodiment of the present invention. As shown in FIG. 2, 
the sub- > ~atus Includes a turbo encoder; a sub-code generator 

204 s and a controller 205. 

15 First, with regard to the turbo encoder, a first component encoder (or a 

first constituent encoder) 201 encodes an input information bit stream and 
■ ats first c !e mbois, i.e., information symbols X and arity \vrobols 
Y0 and Yl. An interleave* 202 interleaves the input information bit stream 
according to a predetermined rule. A second component encoder (or a second 

20 constituent encoder) 203 encodes the interleaved information bit stream and 
outputs second code symbols, i.e., information symbols X s and second x ? 
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symbols Y'O arstd Y* 1, Thus, the output symbols of the turbo encoder are the first 
and second code symbols, Since the mfrnmatixm symbols X' generated from the 
second component encoder 203 are not transmitted In reality, the code rate of the 
turbo encoder is i/5. 

5 

The sub-code generator 204 generates sub-codes from the first and 
second code symbols received from the first and second component encode, 
and 203 by puncturing and r<=pHmos uuce* the ocn^ he sr -Od The 

controller 205 stores puncturing (and repetition) matrixes generated from 
1 0 algorithms shown is HGs. 4, 5 and 6 and outputs symbol selection signals for the 
puncturing matrixes to the sub-code generator 204. Then, the sub-code generator 
204 selects a predetermined number of code symbols within a predetermined 
puncturing range according to the symbol selection signals, 

15 The reference characters as used here, X, Y0, Yl, Y'0, and YM are 

defined as follows. 

X'l : systematic code symbol or information symbol 
X: systematic code symbol or information symbol 
20 Y0; redundancy symbol from the upper component encoder of the turbo 

encoder 

Yl: redundancy symbol from the upper component encoder of the turbo 

encoder 

Y'0: redundancy symbol from the lower component encoder of the turbo 

25 encoder 

Y*l: redundancy symbol from the lower component encoder of the turbo 

encoder 

FIGs. 7, 8 and 9 are flowcharts illustrating sub-code (or puncturing 
30 matrix) generating procedures according to the embodiment of the present 
invention. Specifically, FIG. 7 illustrates a procedure of generating the first sub- 
code Co in a sub-code set, IIG. 3 illustrates a procedure of generating middle 
sub-codes C 3 to C„ 2 in the sub-code set. and FIG. 9 illustrates a procedure of 
generating the last sub-code C s „< in the sub-code set. 

35 

Hereinbclow, ENC1 (referred to as first code S3 .scale the 

I rd mation symbols X and tne Srst pa s\ 3I5 Y0 and \ nrtput from the 
first component encoder 201 and ENC2 (referred to as second code symbols) 
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indicate the second parity symbols Y J 0 and Y*l output from the second 
component encoder 203. 

Referring to FIG. 7, a maximum code rate (Rmax) available to a 
5 transmitter is set in step 40 1 . This value is mostly given according to the data rate 
used in the system. A mkimum code rate (Rmin} is set to be an integer-mnltiple 
of Umax (-Wn). Although Rmin can be determined arbitrarily, it is usually 1/6, 
1/7, or lower because i ted d? £ to I ; ds < reas« oi code rates 

at or below R=l/7 in turbo codes, ia addition, the real cods rate, i.e., mother code 
1 0 rate (R) of a decoder in a receiver, is determined. R is set to be greater than 

In real system implementation, Rmax and Rmin are preset. In some sense, 
Rmax is the code rate of the sub-codes to be generated and Rmin is a target code 
rate after code combining of the sub-codes* In general, Rmin is the code rate of 
15 an encoder in the transmitter. 

In step 403, the number of sub-codes (S) is calculated by the following 
equation using Rmax and Rmin. Here, the number of the sub-codes or the 
number of puncturing matrixes is a minimum integer exceeding the ratio of 
20 Rmax to Rmin. 

.....(2) 

where ["*] represents a minimum integer equal to or larger than * 

25 

A variable m is set to an initial value of I in step 405 and C (= mxn) is 
determined in step 407. C is fee number of the columns of each picturing 
matrix, determined by Rmax, For example, for Rmax*- 3/4, C can be 3, 6, 9 5 . . » . 
and is set to a minimum available value for the first sub-code to be transmitted, 
30 Here, C is set to 3 for Rmax-3/4. 

In step 407, the number of symbols to be selected from the puncturing 
matrix Ns is calculated by multiplying the variable m by the code length i.e., the 
number of code symbols n from Rmnx=k/m Ns is the number of selected 
35 symbols or die number of selected positions in each puBcturing matrix and 
calculated by Climax. 

In step 409, (Ns-C) is compared with the number of the compos : - 
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* snco lei i <e ti .nsmnter: The present turbo encoder is 
snerall provided with two cc one sr.s Thus, it is assumed that two 

component encoders are used It is determined whether (Ns-C) is 2 or great? ? hi 
step 409 because the turbo encoder has two component encoders connected in 
5 para t the inte ^*er interposed as shown in FIG. 2 unlike conventional 
encoders using other single codes. In other words, at least one parity symbol 
from each component encoder must be transmitted after the information symbols 
are all transmitted in order to preserve the characteristics inherent in the turbo 
encoder. 

10 

If (Ns-C) is less than 2, at >. 
fast parity symbol set or the second parity symbol set. From the perspective of 
turbo codes, either case may face problems. Sub-codes generated without second 
'parity symbols are not turbo codes bat ecmvolutkraal codes with constraint length 

IS K=4 from an encoder having only the first component encoder and offers no 
interleave!- gain that is available in the turbo encoder. On the other hand, 
transmission of only systematic symbols without parity symbols from the first 
component encoder results in sub-codes with a code rate of 1. This is equivalent' 
to an nncoded system without any coding gain, Accordingly, (Ns-C) must be 

20 equal to or greater than 2 to provide turbo encoder performance. 

If (Ns-C) is equal to or greater than 2 in step 409, C systematic 
information symbols are selected from the puncturing matrix in step 41 1 and the 
other symbols are selected according to a predetermined type. For type I, fee 
other symbols are selected from the first and second parity symbols by Eq. (3) in 
step 413. The number of selected first parity symbols is equal to or greater than 
that of selected second parity symbols. For example, if the number of the other 
symbols (Ns-C) is 3, first and second parity symbols are selected by Eq, (3) and 
then one more symbol is selected from the second parity symbols, 

f (Ns - C)f 2] EN€i(parity) 
[XM~Q/2] ENC2{psrity) 

(3) 

where L*j represents a maximum integer equal to or less than *. 

35 For type 2, ti t cted from the first and second 

parity symbo s by Eq V) in rep 4 ^ If i an i stribixhon 

rates for the first parity symbols and the second parity symbols, respectively, as 



25 



30 
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raany symbols as a mimmnro ual to or larger than the ratio of a(Ns-C) 

to (a+b) are selected from the first parity symbols and as many symbols as a 
maximum integer equal to or less than the ratio of b(Ns--C) to (a+b) are selected 
from the second parity symbols. 

5 

TaCA^ - Qi(a + 6)] ENCl{pariiy) 
[h(Ns - Q /(a + j JM?2Cpa ? : %) 

.....(4) 

where a+b «1 and a and b indicate the symbol distribution rates for BNC1 and 
ENC2, respectively. 

10 

If the condition given is step 409 is not satisfied, that is, (Ns-C) is less 
A a 1 h i d by 1 in step 41 " auc 1 e procedure returns 

to step 407. The purpose of step 409 is to determine whether sub-codes capable 
Of preserving the nature of turbo codes can be generated within the present 
15 puncturing range (the size of the puncturing matrix). If the nature of the turbo 
codes cannot be preserved, the puncturing range is enlarged in step 417, 

As described above, the initial puncturing matrix is so consfrisoted that 
all information symbols are selected and at least one symbol is selected from 
20 each of the first and second parity symbol sets in the turbo encoder. 

How there will be given a description of a middle puncturing matrix 
generation method referring to PIG. 8. By repeating the procedure of FIG, B, 
puncturing matrixes Cj to C s „ 2 are generated, 

25 

Referring to FIG. 8 ; step 501 or 503 is performed according to a 
predetermined type. For type 1, Ns symbols are selected from the first and 
second parity symbol sets by Eq, (5) in step 501. Ns is the product of m and n 
given from Rscax (=k/n) where k is the number of information symbols for 
30 making n code symbols, The number of sele r it t ymbols v - equal to 
or greater than that of selects - 1 ry syrobc s Here, usselected symbols 
are selected from the previous puncturing matrixes. 

\N$/2~\ ENCliparity) 
Ijfsflj ENC2{parity) 

35 .(5) 
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For type 2, Ns symbols are selected ffcom fee first and second parity 
symbol sets according to predetermined rates by Eq. (6) in step 503. If a and b 
are given as symbol distributioii rates for Hw first parity symbols and the second 
parity symbols, respectively, as many symbols as a minimum integer equal to or 
5 greater than fee ratio of a(Ns) to (a-H>) are selected from the first parity symbols 
and as many symbols as a isa^dmtim integer equal to or less than the ratio of 
b(Ns) to (a-s-b) are selected from the second parity symbols. Here, unsc 
symbols are selected frorx s z uncrating matrixes. 

fa(j%)/(a + &}l £NCl(parity} 
[b(Ns)/(a + I>}\ £NC2{ parity) 

..... (6) 

A last puncturing matrix Q_t generating method will be described below 
referring to FIG. 9. 

Referring to FIG. 9, the remaining unselected symbols are all selected 
from the previous puncturing matrixes in step 60 L Tie number of the selected 
symbols is defined as Ns2, In step 603, a new Ns is defined by (Ns-Ns2). Since 
symbols at all positions are selected from the puncturing matrixes m fee process 
of fee operations shown in FIGs. 7, 8 and 9, the new Ns is fee rammer of symbols 
to be repeatedly selected. In step 605, it is determined whether the new Ns is 
greater than 0. If the new Ns is 0, the procedure ends. If it is greater than 0, as 
many symbols as the new Ns are selected from fee inforniatio- syml . . m other 
words, the selected symbols are retransmitted. 

"The above-described sub-code generation .method according to the 
present invention will be made clear below with specific numerical citations. 

For Rmax=3/4 and R-d/5, Rmin=l/6 and 8-6/(4/3)^43^5/ Thus, five 
30 pi ituring - s are produced. 

{C 0 > Q h C & C 3 , C 4 }: Rmax?-3/4. 

Since the code rate of snb-eodes is 3/4 and the number of sub-codes is 5, 
the sub-codes have a code rate 3/20 ((l/S)xRmax=(l/5M3/4)~3/20) after code 
35 c g plies ih i infer raaiion bits, a receiver receives 20 code 

Is I wever, since 15 symbols are generated from Sxb=5x4=20 and 
8x8=5x3=15, a predetermined 5 symbols among the 15 symbols are repeatedly 
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transmitted. The repeated symbols are preferably information symbols. In the 
above example, if an information symbol X is repeated .once is each sub-code, a 
decoder receives turbo codes with R-d/5 in ^wMoh information symbols occur 
twice for each of S sub-codes. 

5 

3 Reou— , , ' N aa sM>mp lem egtar\ C o de Sep 

The resulting sub-codes from the procedures shown in PIGs. ? 5 8 and 9 
are a kind of complementary codes, although they are not in a strict sense of the 
term because repeated symbols exist and each sub-code exhibits a different 
10 characteristic. In view of the sub-codes being produced from turbo codes, they 
will be called quasi-complementary- turbo codes (QCTCs). An HARQ system 
employs the following retransmission scheme using QCTCs. 

The HARQ system is the major example using packet code comb i . 
IS Packet code combining is available to the present HARQ systems, HARQ type I, 
Type II, and Type III. In these systems, a retransmission technique can be 
implemented using QCTCs. If a transport unit (TO) is defined as an mfonnation 
bit block being a basic unit for packet transmission, one sub-code Q is selected 
for each TU transmission in the hybrid systems. 

20 

A retransmission unit and an initial transmission TU can be the same or 
different in size. For every transmission, the following QCTC set is used. 

From a QCTC C, having a code set size S, a mother code C can be 
25 reconstructed, or a new code Cq with a lower code rate than the mother code C 
can be generated by combining (or code-combining) sub-codes Q (i ~ 0 S 1, 
2, . , . ,S-1), The mother code has a minimum code rate available in the encoder, 
Then, the QCTC is defined as 

30 Original code C with code rate R— Km or code C with code rate R<Rm 



,,...(7) 

where. S is the number of sub-codes with a code rate of Ri at Rn the mother 
code rate. 

35 

The operation of a system transmitting TUs of the same size for an initial 
transmission and each retransmission using a QCTC will be described. Ne i 
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to sa fee ion serene using different TUs can also be supported la the 

present invention. Here, S is 4 and R is 1/5. 

(Step I) Transmission is performed on a TU basis and a sub-code Q of 
5 the QCTC is transmitted at the initial transmission and each refraasmisricm. 

(Step 2) When the overall code rate of codes produced by sot combining 
of the initially transmitted and retransmitted packets is greater than 1/5, each sub- 
code Q of the QCTC is transmitted hi the order of C u C 2 , - . €_,_ at each 
1 0 retransmission request. This is packet code combining. 

(Step 3) When the overall code rate of codes produced by soft combining 
of the initially transmitted and retransmitted packets is less than or equal to 1/5, 
each sub-code Q of the QCTC is repeatedly transmitted in the order of G 0j C t , 
15 C 2j . . C s _ 5 at each retransmission request This is packet diversity combining. 

(Step 4} The QCTC set size can be an arbitrary value* determined by 
Rmax and Rrsin. For R=l/5 and a sab-code code rate of 2/3 for retransmission, 
up to four sub-codes can be used. 

20 

Table 3 below lists QCTC sets for forward traffic channel packet data 
rates that are expected to be available in the present" IS-2000 1XEVDV system. 
Here, a mother code rate R=l/5 and a sub-code code rate R*=2/3, 1/3, or 1/6. 

25 (Table 3) ______ 



Set size S 


Code set 


Sub-code rate set 


Data rates 


1 


m 


C.:Ro*l/6 


307.2kbps 
153.6 kbps 
76.8kbps 
38.4kbps 
19.2kbps 


2 




Co: %**1B 
G £ :R s =i/3 


1228.3kbps 
921.6kbps 
614,4kbps 
307.2kbps 


4 


(C 0> C 3s C 2 , Cj} 


C 0 : R^B 
Cj:Ri-2/3 

c 2 :%*2/3 


2457.6kbps 
1843.2kbps 
1228.8kbps 
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As shows m Table 3, for a sub-cods code rate of 1/6 less than the mother 
cade rate 1/5, the same code C c - ised it each; - - jr., For a sub-code code 
rate of 1/3, greater than the mother code rate 1/5 > & different code C 0 and C x is 
5 used at each transmission. In this case, the code set sise S is 2. For a sub-code 
code rate of 2/3, greater than the mother code rate 1/5, a different code C 0 , C u Ca, 
C 3 is wed at each transmission. The code set size S is 4, When S sub-codes are 
all transmitted, the receiver can recover the mother code rate R and obtain the 
maximum coding gain offered by the encoder. 

10 

4- Puncturing; Matrix for Quad-Com pleme ntar y Codes 
Below, Table 4 illustrates examples of a puncturing matrix for each sub- 
code code rate. 

15 (Table 4} 



Code 
rates 


Q. 


Ci 


c 2 


c 3 






X 
YO 
Yl 
YY 
Y'l 




2 
1 
1 
1 
1 




NA 


NA 


NA 


R-l/3 












NA 


NA 


R-2/3 




0 1 

1 0 
0 0 
0 1 
0 0 






1 0 
0 1 

0 0 

1 o 

0 0 






0 1 

0 0 

1 0 
0 0 

o i 






1 0 
0 0 
0 1 
0 0 
! 0 
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R=*2/3 | 


! 1 










0 


0 


0 


0 






0 


0 


0 






1 


1 


1 


Ij 




1 0 


o 


0 






0 


1 


I 


i 






0 


0 


0 






0 


0 


o 






0 0 




0 






0 


0 


0 


0 






1 


1 


0 


j 




0 


0 


1 






0 0 




c 






1 


1 


0 


1 






0 












0 


0 


oj 








0 






0 


0 


0 


0 






0 
















0| 



As shown in Table 4, when a rate 1/5 turbo code is used as a mother code 
and a rate 2/3 sub-cods is generated with code symbols w \ 
bits, 20 code symbols are generated from the 4 information bits. The rate 2/3 sab- 
5 code is generated by puncturing 14 symbols among the 20 symbols. For packet 
diversity combining of such sub-codes, Q. produced from the above puncturing 
matrixes is repeatedly transmitted at each retransmission request On fee other 
hand, for packet code combining, a different code syt > • raosmitte 
retransmission request. After trammit&ag all sub-codes Co, C lt C 2 , C 3 in the set, 
10 the packet diversity combining is executed. For HARQ Type HI using packet 
code combining, full code symbols of the mother code are decoded after four 
transmissions occur. 

Meanwhile. 4 T*s in the puncturing matrixes of Table 4 indicate that the 
15 symbols at the positions axe selected or transmitted and "0"s indicate that the 
symbols at the positions are punctured. A *2 W indicates that the symbol at the 
position occurs twice. The puncturing (and repetition) matrixes are designed to 
satisfy the following conditions. 

20 (Condition 1) An information symbol X is repeated in a sub-code of a 

QCTC when repetition is used. 

(Condition 2) If the information symbol X is repeated in a sub-code of 
the QCTC using repetition, the repeating period is set to he a minimal constant in 
25 the QCTC having all sub-codes in combination. 

(Condition 3) If puncturing is used, redundancy symbols except the 
information symbol X are pure • re : • ssible in the sub-codes of the QCTC. 

30 (Condition 4) If punctaring is used, redundancy symbols except the 

information symbol X are uni.i ancti £ f possible n. the sub-codes of the 

QCTC. 
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A puncturing and repetition matrix with. R=l/6 :.; ;y : - r. ; ; the above 
conditions will be described. Decoding is earned out Rafter the symbols X that 
occur twice, are sot-combined and so the real code sate for the decoder is 1/5, 
The rate 1/5 code, having the energy of the information symbol X increased, has 
5 an improved performance, as compared to a rate 1/5 code having a uniform 
symbol energy across the symbols. In other words est appi >i v - 
to be repeated is an information symbol. It can he said that the pimcturmg and 
repetition matrixes shown in Table 4 are constructed in such a way that 
information symbol energy is increased through uniform repetition of the 
10 information symbols. 

In Table 4, for R-l/6, the sequence of transmission code symbols is 
given as 

Q:X,X, Y0 S Yl, Y'O, Y\1,X,X,Y0 ; Yl, Y'O, Y'l, . . . 

15 

Because six code symbols are generated for the input of one information 
symbol, the code rate of the sub-code is 1/6. Concerning the puncturing and 
repetition matrix witfe :R*l'/6, decoding is carried out after the symbols X that 
Occur twice are soft-combined and so the real code rate for the decoder is 1/5. 

20 The rata 1/5 cods, having the energy of the ^formation symbol X increased, has 
an improved performance, as compared to a rate 1/5 code having a nnifotni 
symbol energy across the symbols. In other words, the most appropriate symbol 
to be repeated is an information symbol. It can be said that the puncturing and 
repetition matrix with R*l/6 shown in Table 4 is constructed in such a way that 

25 information symbol energy is increased through uniform repetition of the 
information, symbols. 

For R-l/3, the sequence of transmission code symbols are given as 
C G : X, Y0, Y'O, X, Y0, Y'O, X, YD, Y s 0, X, YO, Y'O, . . . 
30 C x : X, Yl, Y'l, X, Yl, Y'l, X, Yl, Y% X s Yl, Y'l, . . . 

Because three code symbols are generated for the input of one 
n tion symbo code rate o s - coc is 1/3. A different code is 
transmitted at eacf 1 < v - use of a difrV - g matrix. 

35 After soft combining of C 0 and C s , X occurs twice and each of YO, Y l , Y*Q and 
Y* 1 occurs once. The decoder with a code rate 1/5 can be a - ase and 

the puncturing matrixes satkf) the above-dese 
performance. 
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lis the first case with R^2/3 shown m Table 4, the sequence of 
transmission code symbols are given as 

C 0 : YO, X Y'O, Y0 3 X, Y'Q S YO, X s Y'O, YO, X s Y'Q, , , . 
C,: X, Y'O, YO, X, Y'O, YO, X, Y'O, YO, X, Y'O, YO, . . - 
C 2 : Yl, X ? Y'L Yl, X, Y'l, Yl, X,Y'l, Yl } X, Y'l, . . . 
C 3 : X 5 Y'l, Yl, X ; Yl, YL X, Y'l, Yl, X, Y'l, Yl, . . . 

Because three cods symbols are generated for the input of two 
information symbols,, the code rats of the sub-code is 2/3. A different code is 
transmitted at each transmission due to the use of a different puncturing matrix. 
Alter soil combining of Q, C ts C^- C 3 , X occnrs twice and each of YO, Yl, Y'O 
and Y'l occurs once. The decoder with a code rate 1/5 can be used also in this 
ease as for R~l/6 and the puncturing matrixes satisfy the above-described 
conditions, ensuring performance. 

In the second case with R-2/3 shown in Table 4, the sequeaee of 
transmission code symbols are given as 

C«s X, YO, X, X, Y'O, X, X, YO, X, X, Y f 0, X, X, YD, X, X, Y'O, X, , . . 
C s : Y'O, YO, Y'O, YO, Y0 ? Y'O, Y'O, YO, Y'O, YO, YO, Y'O, , . , 
C ? ; Yl, YL YT, Y'l, Yl, Y'L Yl, Yl, Y'l, Y'l, Yl, Y% ■ • . 
C 3 ; X, Y'l, X, X, Y' t, X, X, Y'l, X, X, Y' t, X, , > . 

Because six code symbols are generated for the inpu of feu .formation 
symbols, the code rate of the sub-code is 2/3, A different code is ts^smitted at; 
s ss on due to the use of a different puncturing matrix. After soft 
i 1 i ng i I Q D b C 2f C 3 . X occurs twice and each of YO, Yl, Y'O and Y'l 
occurs once. The decoder with a code rate 1/5 can be used also in this case as for 
R-i/6 and the puncturing matrixes satisfy the above-described conditions, 
ensuring performance. 

5, Tra nsmission protocol 

Since a packet ansmiss i s ocol applies to both a forward traffic 
. ml and a reverse traffic channel in adopting HARQ Type HI for traffic 
.-ional rxafrle channels will be termed just traffic channels 
collectively unless there is a need for discriminating them. 
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5.1. Rel ations hip betwe en Transmission Packet Le ngth and Physical 

Channel 

Packet length is variable is transmitting packets on tragic channels by 
HARQ Type III. One packet to be transnhtted is defined as a physical layer 
5 packet (PLP). One PLP may include a plurality of sub-packets called TUs and 
each TU is also variable in length. Thus, PLP length is variable. Needless to say, 
one TU can be transmitted in one PL?. 

An HARQ Type 111 protocol will be described below in connection with 
10 two main, cases. A packet is TU, 2TU, 3TU or 4TU in length and each TU has st 
least 768 or 1536 bits, A packet with TU=768 is called a short format and a 
packet with TU=1536, a long format. The maximnm number of TUs for a PLP is 
variable, determined according to a data rate on a physical transmission channel. 
It is assumed here that four TUs are transmitted in one PLP. 

15 

One PLP is transmitted on a slot basis. The number of data per slot is 
variable from. 1 to any number, determined by the data rate available torn the 
physical transmission channel. In other words, the number of slots is determined 
according to the data rate for a PLP. By way of example, two cases are 

20 considered: a packet transmitted in a short format with 1 to 32 slots and a packet 
'traasaaitted in a long format with 2 to 64 slots. This land of classification is 
equivalent to the discrimination between TU=?68 and TTJM1536. On the 
assumption that a PLP with TU=?6S is transmitted in up to 16 slots, the PLP with 
fee TU length is defined as a short format. On the other hand, a PLP with 

25 TLMS36 transmitted in up to 32 slots is defined as a long format The 
de.fi miens are made based on packet length and have no fundamental relation to 
the implementation of the HARQ Type III protocol. Yet, they kfinenee the 
pac jt le u .r- -related system ihronghput. 

30 5.2. Error Detection from T ra:^ Traffic 

Method 

Each TU in a single PLP has an independent error correction code. 
Therefore, t t 1 from e 3i i - is PLP using 

one error correction code before a retransmission request can be issued. In reality, 
35 a receive ster s ether errors are detected from a received packet and 
- nation result to a transmitter on a PL? basis. However, a 
retransmitted PLP may nave a different TU constitution depending on whether 
individual TUs have errors in the PLP. 



sc erne -or a PLP occv 
one slot. As shown in FIG. 3, one PLP aced v Ijaes - slots for 

transmission. A different packr . can be transmitted in each of four slots and an 
5 independent signal ACK7NACK is transmitted on a reverse channel for each 
packet, in tills s : each PLP may follow a i v lent Stop-and-Wait 
ARQ (SW-ARQ) protocol and a predetermined reverse control signal is always 
transmitted from the receiver to the transmitter. This structure is defined as 
"modulo N HARQ" and the number of interlaced slots is del i 1 v 

10 in FIG. 3. One user can use the interlaced slots and in this case, each slot is 
available for PLP transmission. However, the HARQ Type III protocol for the 
user operates as the Selective Repeat-ARQ (SR-ARQ) and a memory for storing 
data received in four slots (N~4) must be provided for a physical channel in the 
receiver. Here, a description will be confined to SW-ARQ without the memory 

15 requirement, while the same description is valid to SW-ARQ requiring such a 
memory capacity. 

FIG. 4 illustrates an HARQ ixansmission scheme for a PLP occupying 
two slots. As shown in PIG, 4, one PLP is transmitted in two slots interlaced with 

20 adjacent three slots. Therefore, the receiver can recover one full PLP after 
receiving two slots, A different packet can be transmitted m each of four slots 
and an independent signal ACK/MACK is transmitted for the packet on a reverse 
channel Therefore, each PLP follows an independent SW-ARQ protocol and a 
predetermined reverse control signal is transmitted from the receiver to the 

2:5 transmitter in this so-called "modulo N HARQ*' structure. The number of 
interlaced slots is determined by N. 

If NACK is detected from at least one of ACK/NACK indicator bits, the 
transmitter transmits a retransmission-requested PLP using a quasi- 
30 complementary code set shown in Table 5 and Table 6 on a forward traffic 
channel. Various ACKfHACK combinations can be made from a plurality of 
ACK/NACK indicator bits and in each case, the transmitter can include TUs In a 
retransmitted PLP also in various ways. In general. TU transmission must satisfy 
theft cnons, 

35 

(Condition I) No TUs with ACK are retransmitted. 



(Condition 2} TUs with HACK, axe retransmitted with priority and their 
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fcaagmissk lepend on their Qpi of Service), 

(Condition 3) If the total number of bits available for slots of a 
retransmitted PLP exceeds the number of bits for TUs with HACK, TUs wife 
5 higher priorities determined according to Condition 2 are repeatedly transmitted 
m the first place. 

(Gondii - s ; S must be preserved for each TU, a. weight is given to 
the TU to maintain fee QoS in retransmission. For example, if QoS for TOO, TUT 
10 TU2, and TU3 are QoSO, QoSl, QoS2 and QoS3 in a PLP having the four TUs, 
(QoS0+QoSl+QoS2+QoS3)«1.0, and only TOG is received with ACK and TU1 5 
TU2 and TLB are received with MACK, the QoS is set for retransmission as 
follows. 

QoS 1 -QoS 1 x( 1 /(QoSG+QoS I +QoS2)) where (QoS0+QoSl-K5oS2) < 0 
1 5 QoS2«QoS2x(l/(QoS04-QoSi4-QoS2)) where (QoS0+QoSl+QoS2) < 0 

QoS3==QoS3x(l/(QoS0+QoSKQoS2)) where (QoS0+QoSl+QoS2) < 0 

To generalize the above QoS determination process,, if one PLP has P 
TUs, TUG, TQlj TU2, . . TO{P-i) and TU(i), TU(j), . . TU(s) are received 
20 with NACK (here, ij,...,se {0, L 2, 3,4,.. P-l } , weights for retransmitted 
TDs are calculated by 

QoS(i)=QoS(i)x(l/(QoS(i;H-QoS(i)-f- ... 4- QoS(s») 
where (QoS(i)+QoS(|H . . . + QoS(s)} < 0 
25 QoS(j)-QoS(I}x(l/{QoS(i)^QoSCi)"f- . , . + QoS(s))) 

where (QoS(i)4-QoS(j)-t- . . . + QoS(s)) < 0 



30 QoS(s)-QoS(s)x{l/(QoS(i)4-QoS())^ ... - QoS(s))} 

where (QoS(i)4-QoS(j>f . . . + QoS(s)) < 0 
to thereby reset the number oi n , ission bits. 

Only when all the AC i i si ved oi - - <v* s~ h " \ 

3 5 channel indicate ACK, a new PLP is transmitted on the forward traffic channel. 



SJ. 'iransmission Code Selection for Traffic C hannel 

A PLP is encoded using a cpasi-complementary code fox each 
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transmission on a traffic channel. For an MtiMl transmission, C 0 is used fcom a 
ccsaplemestaxy code set with a set size S determine , >r< g to a PLP data 
I a channel in Table 5 aac rable 6. Then ever) time NACK is 
received on the reverse ACK channel, codes are selected in Hie emulating order 
5 ofCj, C 2; . . C s „ j 5 C 0f C u . . . for the traffic channel 



(Table S) 



Data 
Rates 
Ocbps) 


Slots,/ 
PL? 


TLV 
PLP 


Code 
Hate 




ACK/NACK 
Period 
(slots) 


ACK. 
Indicator 
Bits/Reverse 
ACK 
Cha&sel 


Corrfpfeme&iarv 
Code Sst 


19.2 


32 


1 


1/6 


16 


2x4 


1 


{Co} 


38.4 


16 




1/6 


8 


2x4 


1 




76.6 


$ 




1/6 


4 


2x4 


i 


{C,} 


153.6 






L'6 


2 


2x4 


1 




307.2 


2 




1/6 




2x4 




{CJ 


614 A 






1/3 


1 


1x4 




{C(), C;} 


307,2 


1 ™ 


2 


1/3 




2x4 


2 


C,} 


614.4 


2 ] 2 


1/3 


1 


2x4 


2 


{Q,C S } 


12283 




2 


2/3 


1 


1x4 


2 




921.6 


2 


3 


1/3 


1 


2x4 


3 




1S43.2 


i 


3 


2/3 


i 


1x4 


3 




I22S.8 


2 


4 


1/3 


I 


2x4 






2457.6 


I 


4 


1/3 


I 


1x4 


4 


(C - 


(Table 6) 


Data 


Slots/ 


TU/ 
PLP 


Cede 
Sstg 


Repetition 


ACK/NACK 
Period 
(slots) 


ACK 
Indicator 
Bits/Reverse 
ACK 
Channel 


Qussi 
CoKspIerrierriary 
Code Set 


19.2 


32 




1/6 


16 


2x8 






38.4 


16 


1 


1/6 


8 


2x8 






76.6 






1/6 


4 


2x8 


1 


{Q> 


153.6 


4 




1/8 




2x8 






307.2 


2 




1/6 


I 


2*8 




{Q} 


614.4 






i/3 


1 


1x8 


1 


{Co, C} 


307.2 


4 




1/3 


2 


2x8 


2 


{Q, C;} 


614,4 


2 


2 


1/3 




2x8 




{CcCj} 


122S.S 


1 


2 


2/3 


I 


1x8 


2 


/. t 


§21.6 






.1/3 




2x8 


3 


{C 9) C s } 


1843.2 


1 


3 


2/3 


1 


1x8 


3 




1228.8 


2 


4 


1/3 


3 


2x8 


4 
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If tee consecutive HACKs are received on. the reverse ACK efcanaeL 
sub-codes are used in the order of C is sod C 3 for .the forward traffic channel. 
If two more NACKs are received, the sub-codes C 0 and C s are used. If ACK is 
5 th ms discontinued and a new PLP is transmitted on the 

award traffic channel. The transmitter does not notify the type of the quasi- 
complementary code for each retransmission but it is known befc - jand to both 

e md. the receive! i! ia i ;odes are ha smitted m t 
order of 0, 1, 2 S . . S-l, 0, 1, . . . according to the set size S determined by the 
10 data rates. 

6- Structure of Re verse ACK Channel and Tr ansude 

The receiver transmits a message indicating whether an error is detected 

for each received PLP on the reverse ACK channel. An ACK/NACK indicator 
15 bit is transmitted for each TU of the PLP by an ACK/NACK message. Therefore, 

if four independent TUs are transmitted on the forward traffic channel, the 

reverse ACK channel transmits four ACK/NACK bits. That is, m many 

ACK/NACK hits as TUs are t^smitted. 

20 6. 1 , Periodical T ransmission . of ACK/NACK signal on Reverse ACK. 

Channel 

In the inventive HARQ scheme, a predetermined ACK/NACK 
transmission period is used irrespective of an SR-ARQ or SW-ARQ protocol and 
the ACK/NACK signal period is determined according to the traffic data rate. 

25 Since the length of each sub-code transmitted on a traffic channel is one or two 
slots, a sub-code corresponding to one PLP is always received in two slots at 
longest, hi other words, all codes used for traffic transmission are designed to be 
completely transmitted in one or two slots. Therefore, an ACK/NACK signal is 
transmitted in one- or two-slot units with a predetermined interval. Table 3 and 

30 Table 4 illustrate sub-codes for data rates. 

The AC" 1 - - . ge i emitted on the reverse A.CK channel as 
specified in Table 5 or Table 6 according to the packet data rate and packet 
format of a PLP received on a traffic channel and according to whether the PLP 
35 i - c i e slots. If 1 ... fou rlaced slots i r > 

format, it can be considered - 3 to it? period: four 

slots (5msec) and eight slots (10msec). That is, the receiver time-multiplexes the 
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. ACK/NACK message is tie i he second slot from the traffic reception 

time. Therefore, the ACK/NACK message is always transmitted one slot after fee 
receiver receives the traffic, 

5 The first ACK/NACK message transmitted on the reverse ACK channel 

after receiving the PLP oa the tragic cfeaxme! is labeled with ACK/NACK #L 
Then, m the case of a four slot period as shown in FIG. 3, each ACK N 
message is used for early termination regardless of an odd i obe? one or an 
even-numbered one. The ACK/NACK is also used as a control message for 
10 changing a ruasi- ementar} sir-- - -de for : i ? retransmission on the 
forwai lanael. 

On the other hand, in the case of an eight slot period as shown in FIG. 4, 
each ACK/NACK message is used for early termination regardless of an odd- 
15 nnmbered one or an even-numbered one and only an even-numbered 
ACK/NACK. message is used as a control message for changing a quasi- 
complementary sub-code for PLP retransmission, 

Early termination refers to discontinuation of slot transmission for a PLP 
20 on a traffic channel before all slots assigned to the PLP are transmitted in a 
situation where the PLP can be received without errors, and then transmission of 
a new PLP, to thereby increase transmission throughput 

Meanwhile, if the PL? is in a long format, it can also be considered 
25 separately in two ways according to its period: 8 slots (10msec) and 16 slots 
(20msec). An odd-numbered ACK/NACK message and an even-numbered 
ACK/NACK message function in the same way as for the short format 

6.2. im plementation of T r ansmiss ion protocol 
30 FIGs. 5 and 6 illustrate forward and reverse slot transmissions according 

to the present invention. As stated before, transmission of the ACK/NACK 
message in c on i s iely for 1 sfot/PLP and 2 slots/PLP for all data rates. 

FIG. 5 illustrates slot processing by HARQ for 1 slot/PL? and FIG.. 6 
35 illustrates slot processing by HARQ for 2 slots/PLP. They differ is whether a 
sub-code change for retransmission occurs at an one slot level or at a two slot 
level. 
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As shown in FIGs. 10, U sad 12, an ACK/NACK message is transrrhiisd 
in each slot FIG, 10 is a flowchart illustrating a control operation for a data 
transmitting procedure hi Hie transmitter according to the present inven ox 
Referring to FIG. 10, the transmitter generates a sub-code set by encoding a PLP 
5 to be transmitted in step 710. For example, the turbo encoder si own in FIG. 2 
can be used for generation of the sub-code set The sub-code set is composed of 
different sub-codes, the number of which is deteimbaed by the sub-code set size. 
These sub-codes are subject to packet code combining. The detailed operation of 
generating the sub-code set has been described before with reference to FIGs. 7, 
10 8 and 9. 

In step '712, the transmitter sets a count value i to 0 to count the number 
of transmitted sub-codes. That, is, the coast value i is used to determine whether 
all sub-codes of the sub-code set are completely transmitted. The transmitter 

15 transmits an ith sub-code Q in a transmission frame in step 714 and detsrmines 
whs the f an ACK signal has been received from the t ml :c 

step 716. While an ACK message is transmitted for a transmission unit (slot) in 
the description of steps 714 and 716, the ACK message can be transmitted for a 
sub-code transmitted in a transmission frame, as stated before. Referring to FIGs, 

20 3 and 4, when one sub-code is transmitted in one slot, the ACK/NACK message 
is received for each sub-code. The operation of the receiver for transmitting the 
ACK/NACK message will later be described in detail with reference to FIGs, 11 
and 12. 

25 Upon receipt of the ACK message in step 716, the transmitter retains to 

step 710 where it encodes the next PLE On the other hand, upon receipt of the 
NACK message in step 716, which implies thai a retransmission of the 
transmitted PLP is requested, the transmitter determines whether transmission is 
completed on a PLP basis in step 71 8, If it is, the transnritter goes to step 720 

30 and otherwise, it goes to step 722, In step 720, the transmitter increases tie 
count -value i by 1 to select the next sub-code to be transmitted that is, to 
retransmit the same PL? with a different code. When a PLP is transmitted in a 
^ b 1 gas h sVNACKrnessag is rec ed on a slot he sub- 
code used is not changed until the slots of the PLP are compie ; ransmitted. 

35 On the other hand, if the ACK/NACk is received on a PLP basis,- steps 714 and 
718 can be performed as one step. In other words, since the sub-code Q is 
vtao^'itxcd on a PIP basis, step 718 where it is c- whether the PLP- 

basis transmission is completed becomes unnecessary. 
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M step 722, tlie transmitter determines whether all the sub-codes have 
been transmitted by comparing the couat value i with the total number S of the 
sab-codes. If i is less than or equal to S, the transmitter returns to step 714, 
5 considering that there remain sub-codes to be transmitted. In step 714, the 
transmitter transmits the next sub-code, Meanwhile, if i is greater than S in step 
722, tlr t - - returrs to step 712 considering that all the sub-codes have 

- sm ted ese s the >us1 value i to 0, an 
operation of the sub-codes. In this manner, the original sub-codes axe 
10 retransmitted so that the receiver performs packet diversity combining on the 
received sub-codes. 

As described above, since different sub-codes are sequentially 
transmitted upon receipt of retransmission requests, each of the different sub- 

15 codes can he considered a PL?. For example, if fee sub-code set includes sub- 
codes Co, C Xi C 2 , . - ., C s _ , th , - is the sub-code Q> to the 
receiver. If the receiver receives the sub-code C 0 successfully, it prepares for 
reception of the next PL?. On the contrary, if the receiver fails to receive the sub- 
code Co successfully, it transmits a retransmission request (i.e., an MACK 

20 message} for the PLP to the transmitter. Then the transmitter transmits the next 
sub-code C; to the receiver. In this context, each transmitted sab-code can be 
considered the PLP. 

Now, a description will be made on a control operation for data reception 
25 in the receiver with reference to HOs, H and 12. Referring to FIG. 11, the 
receiver sets a count value j to 0 to determine whether to perform packet 
diversity combining and a count value.it© 0 to determine whether all sub-codes 
have been received in step 810. As stated before, th s - rsity combining 

scheme and the packet code combining scheme are selectively used in the present 
30 invention. That is, decoding is carried out by code combining for an initially 
transmitted PLP grid by diversity combining and then code combining tor the 
following ELPs. 

The receiver receives a sub-code Ci hi step 812 and determines whether 
35 the sub-code Q belongs to the first PLP by comparing the count value j with the 
total number S of transmission feames in step 814. If j is less than or equal to S, 
the receiver goes to step 818, considering that the received sub-code belongs to 
the first PLP. If j is greater than S, the receiver goes to step Sid, co - \ - 
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received sub-code does not belong to fee fetPLE 

In step 816, the receiver pedhrias packet diversity combining on the 
received tmnsrnission femes, that is, between fee sub-code Q received in the 
5 pre ismission frame and the previously received sub-code identical to the 

sub-code Cj. For example, if the previous sub-codes axe C 6s C x> Q, . . Cs_< and 
the present sub-code is C 0 , packet diversity combining occurs between fee 
previous 'sub-code Q, and fee present sub-code C a in step 816. 

10 When j is less than or equal to S, or when the packet di versity combining 

is completed, the receiver performs code combining in step 818. The code 
combining operation will be described referring to FIG. 12. 

In FIG, 12, the receiver performs packet code combining on the received 
15 sub-code Cj in step 910, The code combining is given by 

m 

20 As seen from Eq. 5 fee code combining is carried out by' summing fee first 

to ith sub-codes. Once a code is produced from the packet code combining, the 
receiver decodes information about the received sub-code using the produced 
code in step 912 and performs a CRC check on fee decoded information in step 
914. In step 916, fee receiver determines whether- the decoded information has 

25 an error. If it has an error, fee receiver transmits an NACK message equivalent to 
a retransmission request for the received sub-code to the transmitter in step 918. 
On the contrary, if fee decoding information is error-free, the receiver transmits 
an ACK message for fee received sub-code to fee transmitter in step 920 and 
returns to step 810 to receive fee next PLE 

30 

After transmitting the NACK message in ste stores the 

received sub-code C ; in step 922 and fees goes to step 820 in FIG. II. The 
receiver increases fee count -values j and i by I , respectively in steps 820 and 822. 
In step 824, the receiver calculates b=i mod S in order to set fee count value i to 
35 fee imba! value G at t > - ar sion frames have been received 

and count the number of transmission jxmm. for the next PLP. Therefore, i 
ranges from 0 to S. Then fee receiver returns to step 812 to receive fee next sub- 
code. 
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The receiver according to the embodiment of the present invention 
transmits an ACK/NACK message for a received sub-code. When it trassmii 
the ACKL message, the receiver receives a sub-code for the next PLR On the 
5 other hand, when it. transmits the MACK message, the receiver receives np to S 
sub-couj sage for a normal 

sub-code, If none of the S sub-codes are received successfully, the receiver 
repeats the same PL? reception operation, performing diversity combining and 
code combining selectively. 

10 

The present invention as described above has the following effects. 

(1) The inventive method of generating sub-codes for optimal packet 
code combining increases transmission throughput remarkably in application of 
the sub-codes to an HARQ scheme in a mobile domnvar:^' cation system that 

15 retransmits data using turbo codes. 

(2) The selective use of code combining and diversity combining enables 
efficient data transmission. 

20 (3) Use of soft combining, especially use of packet code combining 

considering the characteristics of turbo codes improves system throughput in a 
retransmission scheme of a communication system u sing turbo codes. 

(4) The inventive HARQ scheme with FEC codes and error detection 
25 c ~; v eases system performance in a packet commun stem using 

a retransmission scheme or in a typical communication system using a 
retransmission scheme. 

While the invention has been shown and described with reference to 
30 certain preferred embodiments thereof; it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
~ sg from ti e r and scope of the invention as defined by the appended 
claims. 
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WHAT IS CLAIMED IS: 

L A method of transmitting S sub-codes Q (1=0, 1,2, . S-l) 
in a transmitter having a sub-code generator for generating the sub-codes Q from 
5 a physical layer packet (PLP) information stream using quasi-complementary 
turbo codes in a CDMA (Code Division Multiple Ac c 1 -icatsor 

system, the method comprising the steps of: 

initial!) tg a first sub-code Co and sequentially transmitting the 

following sub-codes each time a retransmission request is received for Hie initial 
10 transmission or a previous retransmission; and 

transmitting the first sub-code C> if a retransmission request is received 
for a last sub-code C s _ } and then sequentially transmitting the following sab- 
codes each time a retransmission request is received. 

15 2, The method of claim 1, wherein each sub-code is transmitted in 

one PLP and if the PL? includes a plurality of transmission frames, the sub-cods 
is transmitted in each of the transmission frames. 

3. The method of claim 2, wherein a retransmission request is 
20 received for a transmission frame, 

4. The method of claim 2, wherein the transmission frame is a slot, 

5. A method of transmitting S sub-codes C (i ~ 0, 1, % ...... S-l) 

25 to a receiver in physical layer packets (PLPs), each having one or more 

transmission frames, is response to an initial transmission request and 
retransmission requests in a transmitter having a sub-code generator for 
generating the sub-codes C from a PLP information stream using quasi- 
complementary turbo codes in a CDMA (Code Division Multiple Access) mobile 
30 conn m on system, ie method comprising the steps of: 

initially transmitting a first sub-code C 0 to the receiver; 

transmitting a second sub-code Q upon receipt of a retransmission 
request for the first sub-code C 0 from the receiver, and then sequentially 
transmitting a third to a last sub-codes Q to C s _ s 'each time a retransmission 
35 request is received from the receiver; asd 

transmitting the first sub-code C Q if a retransmission request for the last 
sub-code Cs_ 5 is received, and then secpeatially transmitting the second to tie 
last sub-codes C-. to C s _ ; each time: a mtransmission request is received from the 
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receiver. 

6. The method of claim 5, wherein each sub-code is transmitted to 
the receiver in one PLP and if I deludes a phirali ftra lob frames, 

5 the sub-code is transmitted in each of the transmission frames. 

7, The method of claim 6, wherein a retransmission request is 

5 ssion frarne. 

10 8 . The method of claim 6, wherein the transmission frame is a slot 

9, A method of transmitting S sub-codes Q (I == 0, 1, 2, . . . , S-I) 
to a receiver in physical layer packets (PLPs), each having one or more 
transmission frames, in response to an initial transmission request and 

15 retransmission requests in a transmitter having a sub-code generator for 
generating the sub-codes Q from a PLP information stream using quasi- 
complementary turbo codes in a CDMA (Code Division Multiple Access) Mobile 
communication system, the method comprising the steps of: 

(I) setting a count value i to an initial value for initial transmission; 

20 (2) transmitting an ith sub-code to the receiver in a transmission fratne; 

(3) determining whether the ith sub-code has been transmitted in all 
transmission frames of a PLP upon receipt of a retransmission request for the ith 
sub-code from the receiver; 

(4) transmitting the ith sub-code in a next transmission frame to the 
25 receiver if the ith sub-code has not been transmitted in all the transmission 

frames of the PLP : 

(5) increasing the count value i by 1 if the ith sub-code has been 
transmitted in all the transmission frames of the PLP; 

(6) returning to step (1) if the count value i is greater than the number S 
30 of the sab-codes and returning to step (2) if the count value i is less than or equal 

to the number S of the sub -codes. 

10. A method of receiving S sub-codes Q (i « 0, 1, 2, . . . , S-I) in a 
CDMA (Code Dn s on Mn i ion system where 

35 the S sub-codes Q are generated her- b 1 "sanation 

stream using quas c ' - ially in 

oase to initial transmission and retransmission requests, and repeat i 
transmitted if me S sub-codes C» are completely transmitted, the method 
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eomprising the steps of: 

receiving the sub-codes that are transmitted in. response to the initial 
transmission and retransrr ;s requests; 

perfoorfeig code combining on a received sab-code and all sub-codes 
5 received in response to the iaitial transmission request and the previous 
retransmission requests if the received sub-code is not repeated prior to 
transmission; and 

performing diversity combining on the received sub-code and the 
previously received same sub-codes if the received sub-code is repeated prior to 
10 transmission and then performing code combining on the received sub-code and 
all sub-codes received in response to the initial transmission and retransmission 
requests, 

1 1 , The method of claim 10, wherein an error check is performed on 
15 the data resulting from the code combining and if an error is detected from the 

data, a retransmission request is generated for the data. 

12, The method of claim 10 } wherein if a number j of sub-codes 
received in response to the initial transmission and retransmission requests is 

20 greater than the total number S of the sub-codes C, :> it is determined that the 
received sub-code was repeated. 

13, The method of claim 10, wherein the code combining is 
performed by summing the received sub-code and all the sub-codss received 

25 according to the initial transmission request and the previous retransmission 
requests. 

14, A method of receiving S sub-codes Q (i - 0, 1,2,..., S-l) in a 
CDMA (Code Division Multiple Access) mobile ^ where 

30 the S sab-codes Q are generated from a physical layer packet (PLP) information 
stream using quasi-complementary sub-codes, transmitted sequentially in PLPs 
each having one or more transmission frames in response to an initial 
transmission request and retransmission requests, and reps? > . - smitted if 
the S sub-codes C } are completely transmitted, the method comprising the steps 

35 of; 

generating a retransmission request for a first sub-code C c if fee sub-code 
C 0 has an error; 

determining whether a received sub-code is repeatedly received by 
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comparing a number j of sub-codes received so fax in response to the initial 
transmission and retransmission requests, upon receipt of the sub-code for the 
en i mk - requssi 

performing code combining between the received sub-code and all the 
5 sub-codes received for the initial transmission request and the previous 
retransmission requests, if the received sub-code is not repeatedly received: 

performing diversity combining between the received sub-code and the 
same sub-codes and then performing code combining 
between the received sub-code and ail the sub-codes received for the initial 
10 transmission request and die previous retransmission requests, if the received 
sub-code is repeatedly received; and 

generating a retransmission request for data resulting from tee code 
combining, if an error is detected from the data, 

15 15, 'The method of claim 14, wherein the code combining is 

performed by summing the received sub-code and all the sub-codes received 
according to the initial transmission request and the previous retransmission 
requests, 

20 id. A method of receiving S sub-codes Q (i = 0 5 1 s 2, ., . .. s S-l) ma 

CDMA (Code Division Multiple Access) mobile conmiunieation system where 
the sub-codes Q are generated from a PLP (Physical Layer Packet) information 
stream using quasi-complementary turbo codes, sequentially transmitted in 
physical layer packets (?LPs} 3 each having one or more t numes, in 

25 response to an initial transmission request and retransmission requests, and 
repeatedly transmitted after the sub-codes Q are all transmitted, the method 
comprising the steps of; 

(a) setting a first count value i and a second count value j to initial values 
for ini axis ssion 

30 (b) receiving an ith sub-code Q; 

(c) comparing the second count value j with the total number S of the 
sub-codes; 

(d) performing diversity combining between .the ith sub-code C { and the 
previously received ith sub-code € t if the second count value j is greater than the 

35 sub-code number S; 

e f^c c ' < ' >^ * - 1 ^ >' - - 1 

prevk if the seeoi 1 j is less than or equal 

io the sub-code number S, or if the divers- 1 ng 3 $ completed; 
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(f) performing an error check on ike code-combined data; 

the ith sub-code Q if aa error is detected fern the ith sub-code G; and 

(h) increasing the first m& second count values i and j by I, performing a 
5 modulo operation on fee first count value i with the total number S of the sub- 
codes, updating the first count value i to fee modulo-operated value, and 
returning to step (c). 

17, A CDMA (Code Division Multiple Access) mobile 
10 communication system comprising: 

a transmitter having a sub-code generator that generates $ sub-codes Q (i 
- 0, ii 2, . . . ? S-I) rrom a PLP (Physical Layer Packet) information stream 

codes for mi&Hransmission and upon receipt of retransmission requests and 
15 retransmitting the S sub-codes after the S sub-codes are completely transrrntted; 
m& 

a receiver tor performing diversity combining on the same sub-codes 
among the sub-codes sequentially received from the transmitter and then 
perioi 

20 
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